Cancer stem cells can be isolated from human tumours using specific cell surface markers. Bladder cancer cells, however, lack specific cell surface markers, making this approach impracticable. In this study an alternative method was used, involving isolation of side population cells to explore the stem cell characteristics of bladder cancer. Side population cells were isolated from the bladder transitional cell cancer cell line T24 and examined for potential stem cell characteristics related to proliferation, cell cycle distribution, self-renewal and differentiation. It was observed that T24 side population cells have stronger proliferative and colony formation abilities than non-side population cells. Side population cells were also more resistant to chemotherapy and radiotherapy, which may be due to expression of the ATP-binding cassette half-transporter, sub-family G, member 2 protein. Overall, the results suggest that side population cells from the human bladder transitional cell cancer cell line T24 harbour stem-like cells.
Introduction
Cancer is a leading cause of death worldwide. Although advances in cancer research have improved our understanding of this disease, the cellular origins of cancer are not well established. Introduction of the concept of cancer stem cells (CSCs) has contributed to our understanding of cancer origins, 1 and may also help to explain how cancers survive chemotherapy and other therapies. CSCs that display putative normal stem cell markers have been isolated from several different human tumour types, including leukaemia, 2 breast cancer, 3 brain cancer, 4 prostate cancer, 5 ovarian cancer 6 and colon cancer. 7 CSCs share some characteristics with adult stem cells and exhibit unlimited proliferative capacity, self-renewal and the ability to differentiate into other cell types. 1 Although CSCs are believed to account for only a small *Z-F Ning and Y-J Huang contributed equally to the present study. fraction of the cells in a tumour, residual CSCs can reconstitute the entire tumour. 1 There are two methods that are currently used to isolate CSCs. The first method uses cell surface markers that are specific for adult stem cells. Many tumours, however, including bladder transitional cell cancers (BTCC), do not display specific cell surface markers. 8 This absence has hampered CSC research efforts for these tumour types. The second method uses a characteristic of side population (SP) cells to identify CSCs, namely efflux of the DNA binding dye, Hoechst 33342, out of the cell membrane. SP cells originating from many normal tissues, including the haematopoietic system, breast, liver and skeletal muscle, 9 and from tumours, including glioblastomas, 10 gastrointestinal tumours, 11 hepatocellular cancer cell lines, 12 nasopharyngeal carcinoma cell lines, 13 and even primary tumour tissues, 11, 14 possess stem cell properties.
Although great progress has been made in SP research, to our knowledge there are few published reports that examine the role of SP cells in BTCC. 15 Bladder cancer is the most common cancer of the urinogenital tract in the USA, 16 90% of which are BTCC. 17 Although there are many treatment modalities for BTCC, the 5-year survival rate for patients with this disease is low. Targeted therapy directed at BTCC CSCs may bring new hope for survival to patients. It is imperative, therefore, to isolate, identify and characterize CSCs in BTCC. The present study utilized fluorescence-activated cell sorting (FACS) to isolate SP cells from cultures of T24 cells, a human BTCC cell line, and to explore whether SP cells from T24 possess stem-like cell characteristics.
Materials and methods

CELL CULTURE
The human BTCC cell line T24 was cultured in RPMI 1640 media (ThermoFisher Scientific, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin G, and 100 µg/ml streptomycin (complete media). The cells were maintained in a humidified 5% CO 2 incubator at 37°C.
SORTING OF SP CELLS BY FACS
Hoechst 33342 labelling and dual wavelength fluorescence analyses were performed as described by Wang et al. 13 Briefly, once cells had reached a density of 80% -90%, they were digested with 0.25% trypsin (ThermoFisher Scientific Inc), washed twice with calcium/magnesium-free phosphate-buffered saline (PBS; 0.1 M, pH 7.4), and resuspended in ice-cold RPMI 1640 culture medium (supplemented with 2% FBS) at a concentration of 1 × 10 6 cells/ml. Hoechst 33342 (Sigma-Aldrich, St. Louis, MO, USA) was then added at a final concentration of 5 µg/ml and incubated for 90 min at 37°C in the dark with mixing at intervals. The cells were washed twice with PBS, 1 µg/ml propidium iodide (Sigma-Aldrich) was added and the cells were maintained at 4°C in the dark before FACS (EPICS ® ALTRA™, Beckman Coulter, Fullerton, CA, USA). In addition, 500 µl of cell suspensions were incubated with 50 µmol/l verapamil (Sigma-Aldrich) for 30 min at 37°C before adding Hoechst 33342 in order to determine whether verapamil would block the fluorescent efflux of SP cells in T24. Both SP and non-SP (NSP) cells were collected in order to evaluate sorting purity and to conduct further experiments.
CELL GROWTH RATE AND CELL CYCLE ANALYSIS
Freshly sorted SP and NSP cells were plated at 400 cells/well in triplicate 96-well plates and cultured in complete RPMI 1640 for assessment of cell growth rates. Cell growth was assessed over 8 days using the 3-(4,5-Z-F Ning, Y-J Huang, T-X Lin et al.
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dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method 18 and cell growth curves were plotted. Freshly sorted SP and NSP cells were also used to investigate cell cycle distributions. Cell suspensions were washed twice with PBS (0.1 M, pH 7.4), fixed by the drop-wise addition of 2 ml of 70% icecold ethanol and incubated overnight at 4°C. Cells were then washed twice with PBS. RNase was added at a final concentration of 20 µg/ml, to avoid RNA staining, and the cells were incubated at 37°C for 30 min. The cells were then washed once with PBS, propidium iodide was added at a final concentration of 15 µmol/l and, after 5 min, the cells were analysed by flow cytometry.
CLONE FORMATION AND LONG-TERM DIFFERENTIATION OF SP AND NSP CELLS
Freshly sorted SP and NSP cells were counted, plated in triplicate at a concentration of 200 cells/well in 6-cm culture dishes and then cultured in RPMI 1640 complete culture media for 14 days. After most cell clones had expanded to > 50 cells, culture plates were washed twice with PBS, fixed in 75% methanol for 15 min and stained with Giemsa stain for 15 min at room temperature. After incubation, plates were rinsed and the number of clonal colonies that contained > 50 cells was counted and compared between samples. Clone formation efficiency (CFE) was defined as the ratio of the number of clones to the number of seeded cells. Each experiment was repeated twice in triplicate.
The cell differentiation assay was performed 10 days after cell sorting. Cells were cultured in complete RPMI 1640 to reach the desired cell number. The cultured SP and NSP cells were then stained with Hoechst 33342 and analysed by FACS to quantify the proportion of SP cells and determine the ability of the two subpopulations to differentiate.
ABCG2 GENE EXPRESSION IN SP AND NSP CELLS
Total cell RNA was extracted from newly sorted SP and NSP cells using TRIzol ® reagent (Invitrogen™, Carlsbad, CA, USA). Reverse transcription-polymerase chain reaction (RT-PCR) was performed using an RT-PCR kit (Takara Bio Inc., Otsu, Shiga, Japan), according to the manufacturer's instructions. The ABCG2 cDNA primers for PCR were 5′-T GACATTCTGTCACAACATC-3′ (forward) and 5′-ACTGATTAATCTTCCTGATC-3′ (reverse) and the final product was 398 base pairs (bp) long. The internal reference gene was glyceraldehyde-3-phosphate dehydrogenase (GAPDH); primer sequences were 5′-TCATT TCCTGGTATGACAAC-3′ (forward) and 5′-CT CTTCCTCTTGTGCTCTTG-3′ (reverse), and the product was 185 bp long. Thermal cycle conditions included an initial incubation at 94°C for 4 min, followed by 40 cycles of 95°C for 30 s, 54°C for 30 s, and 72°C for 45 s and maintenance at 72°C for 7 min. The products were analysed by electrophoresis on 1.5% agarose.
RADIATION AND DRUG SENSITIVITY ASSAYS
Radiation and drug sensitivity assays were performed as previously described by Wang et al., 13 with slight modifications. To determine differences in radiation sensitivity, SP and NSP cells with and without preincubation with verapamil for 30 min were exposed to 4 Gy of X-rays (200 cGy/min, using a 12 × 6 cm irradiation field). The cells were cultured for a further 14 days and then stained with Giemsa stain prior to the assessment of clone numbers. The methods described by Wang et al. 13 were also used to conduct drug sensitivity assays with the chemotherapy agents mitoxantrone (test Side population cells in human bladder cancer range 0.025 -1.6 µg/ml) and mitomycin C (test range 0.0125 -0.8 µg/ml) after culture for 3 days. Drug sensitivity was calculated using the formula: survival rate (SR) = (mean absorbance of the test well/mean absorbance of the control) × 100%. Inhibition rate (IR) was calculated using the formula: IR = 100% -SR.
STATISTICAL ANALYSIS
Data are expressed as mean ± SD from at least three independent experiments. Microsoft ® Office Excel 2003 and the Statistical Package for Social Sciences (SPSS ® version 16.0; SPSS Inc., Chicago, IL, USA) were used for data processing and analyses. Results for SP and NSP cells were analysed using either unpaired or paired t-tests and the cell cycle data were analysed by the χ 2test. A P-value < 0.05 was considered to be statistically significant.
Results
CELL SORTING
The BTCC cell line T24 was sorted by FACS as described above in the methods. Excluding dead cells and cellular debris, based on scatter signals and propidium iodide fluorescence, SP cells comprised approximately 34.7% of the total cells (Fig.  1A) . When cells were pre-incubated with verapamil for 30 min, the percentage of SP cells dropped to 1.0% of the total cells (Fig.  1B) , which indicates that Hoechst 33342 exclusion is verapamil sensitive.
CELL GROWTH RATE AND CELL CYCLE
Cell growth was assessed over 8 days of culture using the MTT assay. By day 4 after plating, SP cells had reached a logarithmic growth phase and this then had reached a plateau by day 8 (Fig 2A) . In contrast, the NSP cells continued to grow at a rate that was significantly slower than the maximum observed for SP cells (P < 0.05; Fig. 2A ). Cell cycle results (Figs 2B, 2C) suggested more SP than NSP cells were in the G 0 G 1 phase (87.4% versus 63.3%, P < 0.05) and fewer SP than NSP cells were in the S phase (9.1% versus 31.1% , P < 0.05). 
CLONE FORMATION AND LONG-TERM DIFFERENTIATION
After 9 days of culture, most clones originating from single cells contained > 50 cells. When clones were counted, the mean CFEs were 48.7 ± 2.3% and 7.8 ± 1.9% for SP and NSP cells, respectively (Fig. 3A) ; this difference was statistically significant (P < 0.01).
Results of the cell differentiation assay showed that the SP cell group contained 23.8% of cells that stained poorly with Hoechst 33342 (Fig. 3B) , which was fairly similar to the percentage of fresh T24 cells that stained poorly with Hoechst 33342 (34.7%). In contrast, NSP cells contained 2.6% poorly staining cells (Fig. 3C ), which 
ABCG2 EXPRESSION
The results of total cell RNA extraction and RT-PCR analysis indicated that ABCG2 expression, a marker of stem cells, was stronger in SP cells than in NSP cells (Fig. 4 ).
CELL RESISTANCE TO RADIATION AND CHEMOTHERAPY
When SP cells were treated with mitoxantrone they showed strong resistance in comparison with NSP cells which were more sensitive ( Fig. 5A , P < 0.01). Pretreatment with verapamil significantly increased the sensitivity of SP cells to mitoxantrone compared with cells that were not pre-treated (P < 0.05), such that the IR of SP cells was no longer significantly different from that of NSP cells (Fig. 5A ). No Side population cells in human bladder cancer significant differences were detected in the IR of NSP cells in the presence or absence of verapamil. The SP cells were also significantly more resistant to mitomycin C compared with the NSP cells ( Fig. 5B , P < 0.05). Radiation sensitivity assay results for SP and NSP cells are shown in Table 1 . The CFE of SP cells did not change significantly with radiation. In contrast, radiation treatment significantly reduced CFE in NSP cells (P < 0.05). When SP cells were pre-incubated with verapamil, however, radiation treatment significantly reduced CFE (P < 0.05). 
Discussion
Stem cells and SP cells share many characteristics, sometimes making them difficult to distinguish. Substantial differences have, however, been reported that prevent the conclusion that all SP cells are stem cells. For example, Zhou et al. 19 knocked down the mouse Bcrp1 gene and found that Bcrp1 -/mice had a normal amount of haematopoietic stem cells, but SP cells in whole bone marrow populations were significantly reduced. These results show that Bcrp1 expression is required for haematopoietic stem cells to display the SP phenotype, however, when Bcrp1 is lost, these stem cells are maintained and simply appear outside of the normal SP region. Triel et al. 20 also found that SP cells in both human and mouse epidermis lack stem cell characteristics. Furthermore, Terunuma et al. 21 suggested that SP keratinocytes resembled bone marrow SP stem cells, but were distinct from label-retaining keratinocyte stem cells. Because of this variance, it is necessary to investigate whether SP cells originating from specific tissues of origin have stem cell properties. In the present study SP cells were identified in cultures of the BTCC cell line T24 and it was demonstrated that SP cells from T24 cell culture have stem cell properties.
Three major characteristics of stem cells are self-renewal, unlimited proliferation capacity and the ability to differentiate into different cell phenotypes. The present study demonstrated that T24 SP cells possess all three properties. The SP cells from T24 grew more rapidly than NSP cells and had a higher CFE. Although stem cells may have more than one outcome from division, asymmetrical cell division into one stem cell and one differentiated cell is a particularly attractive mechanism for self-renewal. 22, 23 In long term culture, SP cells may undergo asymmetrical cell division and differentiate into NSP cells, but NSP cells cannot reverse this differentiation to become SP cells. 8 The proportion of T24 SP cells varied with the passage time (our unpublished data) and stabilized at a new proportion after several passages following FACS. These data suggest that T24 SP cells are able to differentiate and that SP cells can change their mode of division depending on the surrounding microenvironment.
The present study also found that T24 SP cells were more resistant than NSP cells to chemotherapy agents and to X-rays. These results are consistent with those of Wang et al. 13 and other researchers. 24 According to CSC theory, not all cancer cells are created equal. 25 Tumours may have small Cells were cultured for 14 days. a P < 0.05 for verapamil + SP + irradiation versus SP; b P < 0.05 for NSP + irradiation versus NSP. Side population cells in human bladder cancer subpopulations of pluripotent cells that can survive chemotherapy and radiotherapy, and these residual CSCs may repopulate a tumour even when the bulk of nontumourigenic cells are killed. 26 These results further imply that a tight link exists between SP phenotypes and stem cells. Moreover, the present study found that SP cell resistance to X-rays may be attributable to expression of the cell surface transport protein ABCG2, a marker of stem cells, since verapamil eliminated radiation resistance. Members of the ABC transporter superfamily participate in diverse cellular processes, including contributions to drug resistance and metabolism, transport of lipids and organic anions, and iron metabolism. For example, Smyth et al. 27 suggested that the ABC family member multidrug resistance gene 1 (MDR1) permeability glycoprotein confers resistance to apoptosis induced by chemotherapeutic drugs, UV irradiation, Fas cross-linking, or the binding of tumour necrosis factor-α to its cell surface receptor. Stem cells can maintain organ-specific cell populations and can repopulate an entire organ, both of which are considered to be important stem cell functions. 1 Most stem cells are maintained in a quiescent condition. 1 In the present study, more T24 SP cells were in the G 0 G 1 phase and fewer cells were in S phase, which is in agreement with current stem cell theory. 28 Other investigators have, however, suggested that the strong tumourigenicity of putative CSCs is not the result of specific differences in cell cycle distribution. 3, 24 These differences in the present study may be attributable to the fact that freshly sorted SP and NSP cells were used to examine cell cycle distributions, whereas the other researchers assessed cells after several days in culture under normal conditions. Routine, normal culture conditions can result in stem cells entering into the cell cycle and moving towards differentiation, potentially interfering with the results of the cell cycle analyses.
In conclusion, cells that possess stem celllike characteristics are harboured in SP cells from the BTCC cell line T24.
